Quiescent 3 mouse fibroblast cells in a state of growth arrest due to serum deprivation were exposed to [14C]isoleucine. The cell cultures were then stimulated by the addition of 10% fetal calf serum. At various times after stimulation, the 14C-labeled cells were exposed to [3lhisoleucine.
characteristic peaking profile of mid-GI protein synthesis exhibited by the M, 50,000 polypeptide can serve as a useful marker for the progression of events in G1 prior to exit into S. The molecular basis for the commitment of a cell to rest or to replicate is one of the central problems of biology. Although the transitions Goo G---S must be explicable ultimately in terms of the regulation of transcription, translation, inhibition, and/or stimulation of enzymes, the order and nature of biochemical events remain obscure.
Whereas the initiation of the S phase of the cell cycle is generally identified by incorporation of thymidine into newly replicated DNA, Go/G, has not yet been characterized by well-defined biochemical events. One of the most striking aspects of the cell cycle is the great variability in the length of time spent in G (1) . It has been difficult to ascertain the factors that produce the variability because of the ambiguity that exists at the beginning of GI, in the transition of Go to G1, and at the end of G1 in the transition of G1 to S.
Numerous studies have demonstrated that changes in the extracellular environment (hormones, nutrients, ions, pH, etc.) can trigger a resting cell to initiate progression into a more active state, perhaps first by causing profound alterations in the properties of the cell membrane. But, as emphasized by Holley (2) , if the primary effects of various growth stimulants is to increase membrane permeability, this event, although crucial, is insufficient to explain the complex biochemical changes in a coordinated program of events that characterizes the transition from quiescence to the initiation of DNA synthesis.
Despite these uncertainties, concepts of G1 functionality based on elegant experiments have emerged that can be tested directly.
(i) Pardee (3) has proposed that a restriction point exists in G1 that is sensitive to various adverse conditions, resulting in the arrest of cells at a unique stage with maintenance of cellular viability.
(ii) It is clear that the transition probability of exit of 3T3 cells from G1 into S is dependent on serum components and that the rate of entry into S follows first-order kinetics (4) . The most deterministic yet puzzling aspect of G1 is the constant lag period, independent of serum concentration, that precedes entry into S.
(iii) Many investigations have shown that polypeptides, glucocorticoids, and prostaglandins can mimic to a degree the stimulatory effects of serum (5) (6) (7) (8) .
(iv) Although the necessity for continuous protein synthesis through G1 is well established (9) (10) (11) , the relationship between specific function and G1 events is not known. Because a landmark for the transition G1 --S is the initiation of DNA replication, proteins such as histones, DNA-binding proteins, and various nuclear acidic proteins that presumably interact with DNA have become a special focus of attention (12) (13) (14) (15) .
We describe in this communication the detection of a protein(s) that may prove to be a valuable mid-GC marker in studies of cell cycle events. The protein (Mr 50,000) is synthesized at a maximal rate 5 hr after stimulation of quiescent 3T3 mouse fibroblasts with fetal calf serum.
EXPERIMENTAL METHOD Swiss mouse 3T3-4A fibroblasts were generously provided by Robert Holley (Salk Institute, La Jolla, CA). Subconfluent cultures were maintained by plating every 3 days at 5 X 104 cells per 100-mm dish in Dulbecco's modified Eagle's medium (DME medium) containing 10% fetal calf serum.
3T3 cells were arrested in G1 (Go) by limiting the serum in the growth medium (16) . Experiments were initiated by plating cells at 1 X 105 per 100-mm dish in the same medium as above. The following day the medium was changed to DME medium and 0.25% dialyzed fetal calf serum. A double-labeling technique similar to that described by Ley (17) The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
Cell Biology: Gates and Friedkin
For radioactivity measurements, unstained gels were fixed overnight in 10% acetic acid, rinsed with distilled H20, and cut into 1.5-mm slices. Slices were treated with 1 ml of Protosol (New England Nuclear) overnight at 550. After the samples had cooled, 10 ml of cocktail T (5 g of 2,5-diphenyloxazole per liter of toluene) was added and the vials were left overnight in the dark to allow chemiluminescence to subside. Radioactivity was measured with a Packard Tri-Carb scintillation counter with discriminators set to allow 21% of 14C counts to spill over into the 3H channel. 3H or 14C counts were summed for the gel slices and the percentage of total 3H or "'C, respectively, was determined for each slice. In the time-course experiment, only 10 gel slices in Mr range of 45,000-67,000 were included in the calculations.
Thymidine incorporation was determined according to the method of Ball et al. (20) .
RESULTS AND DISCUSSION
After 55 hr in low concentration of serum, cells were judged to have stopped in Go as evidenced by flow microfluorometry (data not shown).
An example of the electrophoretic pattern of proteins obtained at 5 hr after stimulation is shown in Fig. 1 hr after stimulation, as indicated by thymidine incorporation (Fig. 2) . This characteristic peaking profile of MIDG1 synthesis thus can serve as a useful marker for the progression of events in GI prior to exit into S.
Our results are comparable to those of Ley (17) who studied labeling patterns of proteins from cytoplasmic extracts of Chinese hamster cells synchronized by isoleucine deprivation and mitotic selection. Ley described a protein'pecies that peaked at 5 hr after stimulation; however, the Mr of the hamster cell protein was 80,000 in contrast to a value of 50,000 for MIDG1 detected in our studies with 3T3 cells. Other investigators have reported changes in protein synthesis during G, in specific fractions of cell extracts such as DNA-binding proteins (12) (13) (14) and nuclear acidic proteins (15) . DNA-binding proteins arise later in G, than does MIDG1 and reach maximal values in S. The patterns are thus quite dissimilar from those of MIDG1.
In an attempt to explain why cells follow first-order kinetics upon entry into the S phase, Brooks (4) has speculated that a protein with a short half-life is synthesized during GI. Because MIDGI appears in G, much earlier than the time at which Brooks showed inhibition of the G, --S transition with cycloheximide, we believe the formation of the 50,000 Mr species is not directly related to Brooks' findings; however, it could serve as an initiator of events late in G, that are critical for exit from G,. The effects of various growth-controlling factors such as polypeptides, glucocorticoids, and prostaglandins on MIDG1 synthesis may provide some insight in this regard (reviewed in ref.
2).
Pledger et al. (21) found that stimulation of quiescent BALB/3T3 cells by serum components involves at least two processes that they could separate. They termed the primary commitment process for active replication of DNA "competence." In their experiments, competence required a 5-hr exposure to extracts prepared from platelets to achieve maximal rates of transition from G, to S. Similarly the maximal synthesis of MIDG1 at 5 hr may be necessary for competence of cells to exit from G,. This, however, remains to be elucidated.
Although it may be premature to speculate about the significance of the initial increase and subsequent decrease of MIDG1 prior to the onset of S, the peaking profile (22) (1978) Proc. Natl. Acad. Sci. USA 75 (1978) 4961 resting 3T3 cells with serum. We hope it will prove to be a valuable indicator for studying the sequence of events of G1, especially in understanding the molecular basis of first-order kinetics for exit from the G1 phase (4, (23) (24) .
A preliminary description of our investigation in abstract form (25) appeared simultaneously with one from Pardee's laboratory (26) in which the same approach and findings were briefly presented.
